Deeper insight into the molecular pathways that orchestrate skeletal myogenesis should enhance our understanding of, and ability to treat, human skeletal muscle disease. It is now widely appreciated that nutrients, such as molecular oxygen (O 2 ), modulate skeletal muscle formation. During early stages of development and regeneration, skeletal muscle progenitors reside in low O 2 environments before local blood vessels and differentiated muscle form. Moreover, low O 2 availability (hypoxia) impedes progenitor-dependent myogenesis in vitro through multiple mechanisms, including activation of hypoxia inducible factor 1α (HIF1α). However, whether HIF1α regulates skeletal myogenesis in vivo is not known. Here, we explored the role of HIF1α during murine skeletal muscle development and regeneration. Our results demonstrate that HIF1α is dispensable during embryonic and fetal myogenesis. However, HIF1α negatively regulates adult muscle regeneration after ischemic injury, implying that it coordinates adult myogenesis with nutrient availability in vivo. Analyses of Hif1a mutant muscle and Hif1a-depleted muscle progenitors further suggest that HIF1α represses myogenesis through inhibition of canonical Wnt signaling. Our data provide the first evidence that HIF1α regulates skeletal myogenesis in vivo and establish a novel link between HIF and Wnt signaling in this context.
INTRODUCTION
Unraveling the complex pathways that regulate mammalian skeletal myogenesis, or muscle formation, should enhance the development of novel therapies for diseases such as Duchenne muscular dystrophy and critical limb ischemia in peripheral arterial disease (PAD) (Hiatt, 2001; Tedesco et al., 2010) . Differentiated muscle fibers originate from skeletal muscle stem/progenitor cells (SMSPCs) via a coordinated network of transcription factors (Bentzinger et al., 2012) . SMSPCs express the transcription factor PAX3 in the early embryo and its homolog PAX7 in the fetus and adult, and they are essential for embryonic and adult myogenesis, respectively. In addition, the muscle regulatory factors (MRFs) MYOD1 and myogenin (MYOG) control gene expression to specify SMSPCs for the skeletal muscle fate and promote myogenic differentiation (Bentzinger et al., 2012) .
Extracellular cues from Wnt ligands are established regulators of myogenesis (von Maltzahn et al., 2012b) . Wnt engages LDL-related protein (LRP)/Frizzled complexes at the cell surface, impairing the β-catenin degradation machinery and instead promoting its cytoplasmic accumulation through a canonical axis. β-catenin then translocates to the nucleus where it binds LEF/TCF proteins to activate the transcription of specific target genes (e.g. Axin2 and Pitx2). This canonical Wnt pathway is capable of promoting SMSPC differentiation, which is essential for both embryonic myogenesis and adult muscle regeneration (von Maltzahn et al., 2012b) . The non-canonical Wnt signaling cascade, which includes the planar cell polarity and Akt/mTOR pathways, modulates myogenic processes by regulating the symmetric expansion of SMSPCs and myofiber growth (Le Grand et al., 2009; von Maltzahn et al., 2012a) .
Local nutrients, such as molecular oxygen (O 2 ), also influence myogenesis, as SMSPCs reside in a hypoxic microenvironment in both embryonic and adult settings. Early embryonic somites containing PAX3 + precursors express markers of low O 2 availability (hypoxia), such as hypoxia inducible factor 1α (HIF1α), prior to the generation of intersomitic blood vessels and embryonic muscle (Relaix et al., 2005; Provot et al., 2007) . In murine models of PAD (Paoni et al., 2002; Borselli et al., 2010) , hindlimb ischemia leads to adult muscle injury and subjects these damaged fibers, as well as adjacent PAX7 + progenitors, to O 2 deprivation. Upon revascularization and restored perfusion, muscle fiber regeneration ensues. O 2 is likely to play a regulatory role in these contexts, as hypoxic culture conditions maintain SMSPCs in an undifferentiated state (Di Carlo et al., 2004; Gustafsson et al., 2005; Yun et al., 2005; Ren et al., 2010; Liu et al., 2012; Majmundar et al., 2012) . Nevertheless, it remains unknown whether O 2 and O 2 -sensitive factors regulate skeletal myogenesis in vivo.
Low O 2 availability impedes myogenesis in vitro through multiple mechanisms, including activation of HIF1α. HIF1α mediates the primary response to physiological and pathological hypoxia throughout life (Simon and Keith, 2008; Majmundar et al., 2010) . It becomes stabilized in hypoxic settings and dimerizes with ARNT (also known as HIF1β) to form the HIF transcription factor . HIF is required during embryogenesis in numerous developmental programs, including the blood, vasculature, placenta, endochondral bone and cardiac muscle (Simon and Keith, 2008) . Moreover, HIF1α promotes neoangiogenesis and reperfusion in hindlimb ischemia models of PAD (Bosch-Marce et al., 2007) . Although HIF1α represses SMSPC differentiation in vitro (Gustafsson et al., 2005; Ren et al., 2010; Majmundar et al., 2012) , its role during muscle development or regeneration remains unclear.
In this study, we employed multiple mouse models to determine whether the O 2 -responsive factor HIF1α regulates skeletal myogenesis in vivo. The Hif1a gene was ablated in SMSPCs in order to dissect its function during muscle development or regeneration. Surprisingly, Hif1a deletion failed to impact skeletal muscle formation during embryonic stages. Instead, HIF1α negatively regulates adult skeletal muscle regeneration upon injury through inhibition of canonical Wnt pathways, demonstrating its selective role in adult myogenesis.
RESULTS
Pax3 Cre/+ -mediated Hif1a deletion does not alter skeletal muscle development Early embryonic somites containing PAX3 + precursors exhibit HIF1α expression prior to the generation of intersomitic blood vessels and embryonic muscle (Relaix et al., 2005; Provot et al., 2007) . The significance of its expression in muscle development was previously unclear, as Hif1a −/− mice succumb to vascular and placental defects before embryonic muscle development is complete (Relaix et al., 2005; Simon and Keith, 2008) . Thus, we employed Pax3 Cre/+ mice to assess the role of HIF1α during muscle development. In these mice, Cre-mediated recombination occurs in PAX3 + presomitic mesoderm at E8.5 and later in PAX3 + embryonic muscle progenitors (Engleka et al., 2005) . An R26 lacZ/+ allele demonstrated efficient and musclespecific Cre activity in Pax3 Cre/+ Hif1a Δ/Δ animals, as Cre + mice retained β-galactosidase activity selectively in skeletal muscle (supplementary material Fig. S1A ).
Because HIF1α plays essential roles during embryogenesis in numerous developmental programs, including cardiac muscle (Simon and Keith, 2008) , we hypothesized that HIF1α is important for SMSPC maintenance and embryonic muscle development. However, E14.5 Pax3 Cre/+ Hif1a Δ/Δ mice developed comparable muscle area to control mice, as determined by myosin heavy chain (MHC) staining of diaphragm and forelimb muscles ( Fig. 1A,B ). Fetal muscle area was also similar in E18.5 experimental and control animals ( Fig. 1A,C) . These data suggest that HIF1α is not essential for embryonic or fetal skeletal muscle formation.
We then evaluated whether HIF1α modestly influences SMSPC maintenance, such that Hif1a mutants fail to display muscle defects until later in life (i.e. postnatally). However, PAX7 + progenitor density was unaffected by Hif1a deletion at E14.5 ( Fig. 1D,E ), suggesting that these progenitors are appropriately generated from PAX3 + precursors in late embryonic myogenesis (Bentzinger et al., 2012) . PAX7 + cell numbers in Pax3 Cre/+ Hif1a Δ/Δ fetuses were also comparable to controls at E18.5 ( Fig. 1F ,G), indicating they are appropriately maintained during fetal myogenesis. We conclude that HIF1α in the myogenic lineage does not regulate PAX7 + progenitor homeostasis during embryonic development.
Pax3 Cre/+ Hif1a Δ/Δ mice exhibited non-muscle phenotypes, including perinatal lethality with complete penetrance (supplementary material Fig. S1B ). Pax3 Cre/+ Hif1a Δ/Δ mice manifested defects in tissues derived from PAX3 + somitic cells: histological examination and von Kossa staining revealed insufficient rib bone calcification (supplementary material Fig. S1C ). These data agree with a previous report showing that HIF1α is required for bone ossification and perinatal viability (Schipani et al., 2001) , and prove the importance of HIF1α expression in early embryonic somites (Provot et al., 2007) . Conversely, slow muscle fiber formation is independent of HIF1α status (supplementary material Fig. S1D ), confirming that HIF1α in PAX3 + cells is not essential for embryonic myogenesis. Cre-mediated recombination of the Hif1a locus in embryonic muscles was efficient (supplementary material Fig. S1E ).
We considered whether the related subunit HIF2α (also known as EPAS1) serves a compensatory or redundant role with HIF1α during skeletal muscle development. We examined the effect of Pax3 Cre/+ -mediated deletion of Arnt, which encodes the essential binding partner for both HIF1α and HIF2α . E18.5 Pax3 Cre/+ Arnt Δ/Δ fetuses exhibited comparable fetal muscle size and PAX7 + progenitor density to control mice (supplementary material Fig. S1F-H ), suggesting neither HIFα subunit in PAX3 + cells regulates fetal progenitor maintenance or muscle formation during embryogenesis.
Our observations in Pax3 Cre/+ Hif1a Δ/Δ mice suggest that HIF1α is not required for skeletal muscle development. This was unexpected because the Notch pathway, which was previously shown to mediate the effects of HIF1α on myogenesis in vitro (Gustafsson et al., 2005) , is required during embryonic muscle formation (Bentzinger et al., 2012) . Nevertheless, these findings do not exclude the possibility that HIF1α regulates adult skeletal myogenesis. Multiple studies have shown that embryonic, fetal and adult myogenesis have distinct as well as common genetic requirements (Bentzinger et al., 2012) . Moreover, effects of HIF1α on myogenesis in vitro have been demonstrated in adult SMSPCs (Ren et al., 2010; Majmundar et al., 2012) and might reflect an adult-specific role for HIF1α in skeletal muscle development.
Pax7 IresCreER/+ -mediated deletion of Hif1a accelerates muscle regeneration after ischemic injury
To determine whether HIF1α regulates adult skeletal myogenesis, we employed the femoral artery ligation (FAL) model of PAD (Borselli et al., 2010; Paoni et al., 2002) . In this model, hindlimb ischemia injures skeletal muscle. As revascularization processes restore limb perfusion, muscle regeneration occurs (Paoni et al., 2002; Borselli et al., 2010) . Consistent with previous reports (Lee et al., 2004; Bosch-Marce et al., 2007) , HIF1α protein accumulated in injured extensor digitorum longus (EDL) muscle 2 days after ligation (when perfusion was low) and then declined as blood flow returned (supplementary material Fig. S2A,B ). Conversely, Myog mRNA levels in EDL muscle decreased at day 2 relative to uninjured muscle, and subsequently rose (supplementary material Fig. S2C ). The inverse relationship between HIF1α and Myog suggests that HIF1α might inhibit adult muscle regeneration in vivo.
To further prove this point, we analyzed Pax7 IresCreER/+ mice, in which conditional recombination occurs in PAX7 + SMSPCs upon tamoxifen treatment (Nishijo et al., 2009) . Adult Pax7 IresCreER/+ Hif1a Δ/Δ (Pax7/Hif1a Δ/Δ ) mice were treated with tamoxifen to initiate Hif1a ablation (supplementary material Fig. S2D ), and FAL was performed. Seven days after ligation, EDL muscle from Pax7/Hif1a Δ/Δ mice displayed evidence of increased regeneration relative to controls ( Fig. 2A ; supplementary material Fig. S2E ), while average fiber area trended higher in mutants but was not statistically significant ( Fig. 2A ). After 14 days, when regeneration in both groups was elevated relative to day 7 ( Fig. 2A,B ), central nucleated fiber (CNF) density and the percentage of CNF among total fiber area were comparable in control and Hif1a Δ/Δ muscle ( Fig. 2B ). Of note, HIF1α-deficient muscle displayed significantly larger CNFs than controls at day 14 ( Fig. 2B ), demonstrating that HIF1α inhibits fiber growth at this later stage. Overall, these results indicate that HIF1α loss accelerates features of skeletal muscle were significantly higher in mutant than in control muscles. These We next considered whether Pax7/Hif1a Δ/Δ mice exhibit elevated results suggest that the pathophysiological stabilization of HIF1α fiber production at the expense of increased PAX7 + SMSPC does not alter the number of PAX7 + SMSPCs 7 days after ischemic differentiation and consumption. When we measured PAX7 + injury, but rather inhibits the lineage progression of myocytes progenitor numbers in injured muscles, we found that control and derived from PAX7 + cells. mutant mice exhibited comparable density ( . . □ Pax3Crel+ Hif1aM 6 (n=J) mice after FAL ( Fig. 2E ). However, adult Ubc-CreER T2 /Hif1a Δ/Δ revascularization after ischemic injury . mice, in which tamoxifen administration results in global Hif1a Consistent with this result, global HIF1α depletion impaired deletion (Gruber et al., 2007) (supplementary material Fig. S2H ,I), skeletal muscle regeneration in EDL muscle (Fig. 2G ). We displayed impaired reperfusion after FAL (Fig. 2F ). This confirms conclude that whereas HIF1α expression in skeletal muscle the established role of global HIF1α expression in lineages constrains muscle regeneration, its expression in other ... ,,..
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., tissues (e.g. endothelial or inflammatory cells) supports reperfusion and promotes muscle regeneration after ischemic injury.
HIF1α represses canonical Wnt signaling during adult skeletal myogenesis
Hif1a deletion in PAX7 + SMSPCs is likely to dysregulate pathways important for muscle fiber regeneration. We evaluated the canonical Wnt/β-catenin pathway, which is known to promote adult muscle restoration upon injury (von Maltzahn et al., 2012b) . HIF1α was previously shown to regulate Wnt signaling in a context-dependent manner, activating Wnt in stem cells and repressing it in colon carcinoma (Kaidi et al., 2007; Mazumdar et al., 2010a) . We posited that muscle regeneration is accelerated in Hif1a mutant mice secondary to Wnt/β-catenin activation. In support of this notion, injured muscle from Pax7/Hif1a Δ/Δ mice exhibited elevated expression of the Wnt target genes Axin2 and Tcf7 (Fig. 3A) , of which Tcf7 encodes a crucial β-catenin co-factor (von Maltzahn et al., 2012b) .
To explore this mechanism further, we employed C2C12 myoblasts as an established tissue culture model of adult myogenesis and evaluated the effect of hypoxia-activated HIF1α on Wnt signaling in vitro. Transcription of the established HIF1α target phosphoglycerate kinase 1 (Pgk1) was increased in differentiating myoblasts cultured at 0.5% O 2 ('hypoxia') relative to cells cultured at 21% O 2 ('normoxia'), whereas both Axin2 and Tcf7 mRNA levels were decreased (Fig. 3B) . These effects are HIF1α dependent, since shRNA-mediated Hif1a inhibition (supplementary material Fig. S3A ) abrogated Pgk1 induction as well as Axin2 and Tcf7 repression in hypoxia (Fig. 3B ). These findings are consistent with transcriptional changes observed in vivo (Fig. 3A) and suggest that HIF1α blocks canonical Wnt signaling during skeletal myogenesis.
To further test whether HIF1α regulates skeletal myogenesis by modulating the Wnt pathway, the Wnt inhibitors dickkopf homolog 1 (DKK1) and secreted frizzled-related protein 3 (sFRP3; also known as FRZB) were administered (supplementary material Fig. S3B ) (von Maltzahn et al., 2012b) . As expected, C2C12 cell differentiation was inhibited by hypoxia, which was partially alleviated by Hif1a inhibition (supplementary material Fig. S3C) . The increased differentiation observed in hypoxic Hif1a-depleted cells was suppressed by DKK1 and sFRP3 to the levels detected in hypoxic control cells (supplementary material Fig. S3D ). More importantly, these in vitro results can be recapitulated in vivo, as intramuscular administration of DKK1 greatly impaired the effects of Hif1a deletion on muscle regeneration without affecting PAX7 + progenitor density (Fig. 3C-E) . Collectively, these results demonstrate that HIF1α negatively regulates skeletal myogenesis through inhibition of canonical Wnt signaling.
DISCUSSION
HIF1α provides a core response to low O 2 availability in numerous physiological and pathological settings during embryonic and adult life (Simon and Keith, 2008; Majmundar et al., 2010) . Here we report that HIF1α is unexpectedly dispensable for skeletal muscle development, and instead plays a selective role during adult muscle regeneration by modulating Wnt signaling (Fig. 3F) . Interestingly, Hutcheson et al. (2009) have previously deleted β-catenin from PAX3 + lineages and demonstrated that β-catenin is required for dermomyotome and myotome formation, but not for subsequent axial myogenesis during embryonic development. In addition, HIF1α is capable of suppressing Wnt signaling through direct and indirect mechanisms: first, HIF1α directly associates with β-catenin and competes for its interaction with T-cell factor 4 (TCF4), a crucial Wnt co-factor (Kaidi et al., 2007) ; second, HIF1α binds human arrest defective 1 (hARD1; NAA20), a protein responsible for β-catenin acetylation (Lim et al., 2008) , and the HIF1α-hARD1 interaction dissociates hARD1 from β-catenin, preventing β-catenin acetylation and activation (Lim et al., 2008) . However, these interactions were defined by biochemical assays, and whether they occur in vivo during muscle development awaits further investigation. We found that Pax3 Cre -specific Hif1a deletion did not cause any observable changes in embryonic myogenesis, suggesting that HIF1α/β-catenin crosstalk does not occur during dermomyotome and myotome formation, and that HIF regulation of Wnt signaling during myogenesis is likely to be adult specific.
Furthermore, we observed that Hif1a deletion in PAX7 + satellite cells leads to increased CNF density (day 7 post injury) and enhanced hypertrophic growth (day 14) in regenerated muscle fiber. However, satellite cell density examined at day 7 after injury remained constant regardless of HIF1α status, suggesting that HIF primarily affects myoblast differentiation instead. These data are again reminiscent of the function of Wnt signaling in myogenesis. It has been shown that canonical Wnt signaling mediates satellite cell differentiation, whereas non-canonical Wnt signaling regulates the symmetric expansion of satellite cells and myofiber growth (von Maltzahn et al., 2012b) . We further demonstrated that HIF inhibits canonical Wnt signaling during muscle regeneration, as reflected in increased Tcf7 and Axin2 expression upon Hif1a depletion in satellite cells (Fig. 3A,B) . Multiple Wnt ligands affect myogenic processes, where WNT7A regulates satellite cell expansion and induces myofiber hypertrophy primarily through the non-canonical Wnt axis, including the planar cell polarity or Akt/mTOR pathway (Le Grand et al., 2009; von Maltzahn et al., 2012a) . It would be interesting to determine whether HIF1α affects WNT7A or other non-canonical Wnt pathways in this context.
In addition, both Notch and Wnt signaling play pivotal roles in regulating the differentiation of myogenic lineages. Notch is activated during embryonic muscle development and promotes satellite cell division, whereas (canonical) Wnt is induced at a later stage and promotes myogenic differentiation (Luo et al., 2005; Buas and Kadesch, 2010; von Maltzahn et al., 2012b) . A proper transition from Notch to Wnt signaling orchestrates developmental programs in muscle stem cells during myogenesis (Brack et al., 2008) . Interestingly, Notch has been reported to exhibit crosstalk with the HIF pathway, since hypoxic treatment inhibits myoblast differentiation in a Notch-dependent manner (Gustafsson et al., 2005) . This result seems to contradict our observation that HIF1α is dispensable for embryonic myogenesis, as Hif1a deletion in PAX3 + muscle progenitors failed to cause muscle defects in embryos. A possible explanation is that HIF-mediated responses are dose dependent, which has been observed in multiple physiological and pathological settings (Simon and Keith, 2008; Majmundar et al., 2010) . For instance, both activation and depletion of Hif2a lead to increased tumor burden in an oncogenic Krasdriven lung cancer model (Kim et al., 2009; Mazumdar et al., 2010b) , suggesting that hyperactivation of HIF signaling results in a 'gain-of-function' pathway distinct from that engaged upon HIF inactivation. Therefore, HIF is likely to regulate muscle stem cell behavior in a binary manner, whereby hypoxic HIF stimulation inhibits myogenesis via enhanced Notch activity, whereas genetic deletion of HIF accelerates myogenic differentiation by derepressing Wnt. 
MATERIALS AND METHODS
genetic backgrounds: ROSA26 reporter (R26 lacZ/+ ) (Soriano, 1999) , Hif1a loxP/loxP (Ryan et al., 2000) , Arnt loxP/loxP Mouse models (Tomita et al., 2000) , Animal protocols were approved by U. Penn. I.A.C.U.C. The mice (Mus Pax3 Cre/+ (Engleka et al., 2005) , Ubc-CreER T2 (Ruzankina et al., 2007) musculus) were employed and maintained on mixed C57BL/6 and 129 and Pax7 IresCreER/+ (Nishijo et al., 2009 ). Non-recombined alleles were designated '2L' and recombined alleles were designated 'Δ'. Pax3 +/+ and Pax3 Cre/+ Hif1a Δ/+ Pax3 Cre/+ Arnt Δ/+ or embryos exhibited comparable muscle development and were grouped as 'control' for Pax3 Cre/+ Hif1a Δ/Δ or Pax3 Cre/+ Arnt Δ/Δ littermates, respectively.
Immunohistochemistry (IHC) and immunofluorescence (IF)
All tissues were harvested, fixed in paraformaldehyde, paraffin embedded and sectioned. Hematoxylin and Eosin (H&E) staining, X-gal staining, IHC for MHC (DSHB; 1:200), PAX7 (DSHB; 1:50), dystrophin (Abcam, ab15277; 1:200) were performed as described (Skuli et al., 2009) . IF was performed on tissues using the TSA Kit (Invitrogen) and on cells as described . MHC + muscle area and PAX7 + progenitor numbers were assessed in embryos as previously described (Vasyutina et al., 2007) . Adult EDL muscle transverse sections were taken at the thickest point of the muscle. PAX7 + nuclei per mm 2 , MYOG + nuclei 2 2 2 per mm , CNFs per mm , MHC + fibers per mm , percentage of CNF over total fiber area, and average CNF area (mean size of CNF in µm 2 ) were quantified by manual count from six to eight 20× fields (field size: 430 µm×320 µm) of three sections per mouse taken by MetaMorph software (Molecular Devices). Van Gieson stain was performed by incubating slides with Weigert's Hematoxylin solution (0.5% Hematoxylin, 2% ferric chloride, 40% ethanol) for 15 min, and then counterstained by using Van Gieson's stain solution (STVGI100, American MasterTech) for 15 min. The von Kossa stain was performed by incubating slides with 5% silver nitrate for 30 min, 5% sodium thiosulfate for 2 min, and then counterstained with Nuclear Fast Red (STNFR100, American MasterTech) for 5 min.
Animal handling
Hindlimb ischemia was generated in 8-to 12-week-old mice by FAL, and limb perfusion was measured using diffuse correlation spectroscopy or laser Doppler imaging (Moor Instruments) as described (Mesquita et al., 2010; Skuli et al., 2012) . To trigger inducible Cre expression, Tamoxifen (Sigma, T-5684) was dissolved at 20 mg/ml in corn oil. 6-to 8-week-old mice received 10 µl solution per gram body weight for 5 days by oral gavage. When indicated, 20 μl of either DKK1 (50 μg/ml; R&D Systems, 5897-DK-010) or vehicle (PBS) was injected into hindlimb muscles 2 days and 4 days after injury. Muscles were harvested and analyzed 7 days later. Genotyping from 'skin' (supplementary material Fig. S2D ) was performed on DNA extracted from ∼5 mm×5 mm segments of dorsal skin. Genotyping from 'myoblasts' (supplementary material Fig. S2D ) was performed on ∼10,000-50,000 primary myoblasts at second passage. Isolation of primary myoblasts from lower limb muscles of 6-to 8-week-old mice was performed as previously described (Springer et al., 2002) . Briefly, whole muscle was dissociated in collagenase, washed, and further treated with dispase/ collagenase to facilitate detachment of muscle progenitors from muscle fibers. Muscle was then triturated to facilitate the release of muscle progenitors, which were then cultured on collagen-coated plates in F10-based medium as described (Springer et al., 2002) .
Cell culture
C2C12 immortalized adult myoblast cells (CRL-1772, ATCC) were cultured as described . Wnt inhibitors used in vitro were 100 ng/ml sFRP3 (592-FR-010, R&D Systems) and 300 ng/ml DKK1.
Molecular biology
Quantitative (q) RT-PCR and western blotting were performed as described with the following reagents: TaqMan primers (Applied Biosystems) for Myog (Mm00446195_g1),
, Axin2 (Mm00443610_m1) and Tcf7 (Mm00493445_m1); Ponceau S stain (Sigma); and antibodies against HIF1α (10006421, Cayman; 1:1000) and Actin ( pan Ab-5, Thermo Scientific; 1:3000). qRT-PCR results were calculated using the comparative CT (ΔΔCT) method, with the murine Rn18s gene employed as the endogenous control (Mm03928990_g1).
Statistics
All results are presented as mean±s.e.m. unless specified otherwise. P-values were calculated based on two-tailed, unpaired Student's t-tests. P<0.05 was considered statistically significant. 
